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(54) CLEANING METHOD AND CVD APPARATUS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To effectively pevent deposition of 
ammonium fluorosilicate in a process of cleaning a vacuum system 
which forms a film, after forming the film containing silicon which 
includes a large amount of hydrogen. 

SOLUTION: A cleaning method comprises the steps of introducing 
nitrogen fluoride gas to the vacuum systems (2, 21, 22), in which a 
hydrogen-containing film containing hydrogen atoms and silicon is 
formed, introducing a oxigen-containing gas containing oxigen 
atoms to the vacuum systems (2, 21, 22), and cleaning the vacuum 
systems (2, 21, 22) with the use of the nitrogen fluoride gas and 
the oxigen-containing gas. 
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CLAIMS 



[Claim(s)] 

_[Cjgim 1] =— = i... .._ . -= 

The nitrogen fluoride gas installation step which introduces nitrogen fluoride gas into the vacuum system 
by which the hydrogen content silicone film containing a hydrogen atom and silicon is formed in the interior, 

The oxygen content gas installation step which introduces the oxygen content gas which contains an 
oxygen atom in said vacuum system. 

The cleaning step which cleans said vacuum system using said nitrogen fluoride gas and said oxygen 
content gas 
It had **. 

The cleaning approach. 
[Claim 2] 

In the cleaning approach according to claim 1 , 

Said vacuum system contains the chamber by which said hydrogen content silicone film is formed by the 
substrate in the interior, 

Said oxygen content gas and said nitrogen fluoride gas are introduced into said chamber. 
The cleaning approach. 
[Claim 3] 

In the cleaning approach according to claim 2, 

It is introduced into said chamber through piping with another said nitrogen fluoride gas and said oxygen 

content gas. 

The cleaning approach. 

[Claim 4] 

In the cleaning approach according to claim 2, 

Said a part of oxygen content gas and said nitrogen fluoride gas are introduced into said chamber through 
the 1st piping, and the remainder of said oxygen content gas is introduced into said chamber through the 
2nd piping. 

The cleaning approach. 
[Claim 5] 

In the cleaning approach according to claim 1 , 
Said oxygen content gas contains oxygen gas. 
The cleaning approach. 
[Claim 6] 

In the cleaning approach according to claim 1 , 

CVD (Chemical Vapor Deposition) for which membrane formation of said hydrogen content silicone film 
uses hydrogenation silicon gas as material gas — it carries out by law — having 

Said oxygen content gas contains the oxygen compound gas formed with the compound of elements other 
than oxygen, and oxygen, 

Said oxygen compound gas does not react with said hydrogenation silicon gas, 
The cleaning approach. 
[Claim 7] 



In the cleaning approach according to claim 6, 

Said oxygen content gas contains the gas of 1 chosen from from among nitrogen oxide gas and carbon 

monoxide gas. 

The cleaning approach. 

[Claim 8] 

In the cleaning approach according to claim 1 , 
Said oxygen content gas contains ozone. 
The cleaning approach. 
[Claim 9] 

In the cleaning approach according to claim 1 , 

It has further the rare-gas installation step which introduces rare gas into said chamber, 

Said cleaning step contains the step which generates the plasma in said chamber where said nitrogen 

fluoride gas, said oxygen content gas, and said rare gas are introduced into said chamber. 

The cleaning approach. 

In the cleaning approach according to claim 1, 

While said cleaning step is performed, said nitrogen fluoride gas installation step and said oxygen content 
gas installation step are performed by turns. 
The cleaning approach. 
[Claim 11] 

In the cleaning approach according to claim 1 , 

The ratio R1 to the nitrogen fluoride quantity of gas flow by which said nitrogen fluoride gas of the oxygen 
content quantity of gas flow by which said oxygen content gas in the 1st period immediately after initiation 
of said cleaning step is supplied to said vacuum system is supplied to said vacuum system is larger than 
the ratio R2 to said nitrogen fluoride quantity of gas flow of said oxygen content quantity of gas flow in the 
2nd period following said 1st period. 
The cleaning approach. 
[Claim 12] 

In the cleaning approach according to claim 1 1, 

The ratio R3 to said nitrogen fluoride quantity of gas flow of said oxygen content quantity of gas flow in the 
3rd period until said cleaning step is completed after termination of said 2nd period is larger than said ratio 
R2. 

The cleaning approach. 
[Claim 13] 

In the cleaning approach according to claim 2, 

Furthermore, the step which measures the internal-surface temperature which is the temperature of the 
internal surface of said chamber while said cleaning step is performed, 

The step which controls the oxygen content quantity of gas flow which answers said internal-surface 
temperature, and by which said oxygen content gas is supplied to said vacuum system, and the nitrogen 
fluoride quantity of gas flow by which said nitrogen fluoride gas is supplied to said vacuum system 
It had **. 

The cleaning approach. 
[Claim 14] 

In the cleaning approach according to claim 2, 

Furthermore, the step which measures the exhaust-gas temperature which is the temperature of the 
exhaust gas discharged from said chamber while said cleaning step is performed, 
The step which controls the oxygen content quantity of gas flow which answers said exhaust-gas 
temperature, and by which said oxygen content gas is supplied to said vacuum system, and the nitrogen 
fluoride quantity of gas flow by which said nitrogen fluoride gas is supplied to said vacuum system 
It had **. 

The cleaning approach. 
[Claim 15] 

In the cleaning approach according to claim 2, 

Furthermore, the step which measures the concentration of the ammonia contained in the exhaust gas 



.discharged from said chamber while said cleaning step is performed, 

The step which controls the oxygen content quantity of gas flow which answers said concentration, and by 
which said oxygen content gas is supplied to said vacuum system, and the nitrogen fluoride quantity of gas 
flow by which said nitrogen fluoride gas is supplied to said vacuum system 
It had **. 

The cleaning approach. 
[Claim 16] 

In the cleaning approach according to claim 1, 
Said vacuum system, 

The chamber by which said hydrogen content silicone film is formed by the substrate in the interior. 
The exhaust pipe arrangement connected to said chamber, 

The vacuum pump which exhausts said chamber through said exhaust pipe arrangement 
** is included, 

It is introduced into said chamber with said nitrogen fluoride gas, 

Said oxygen gas is introduced into one side of said exhaust pipe arrangements and s aid v acuum pumps. 

"fH^cleaningapproacFT 7 
[Claim 17] 
Chamber, 

The substrate electrode holder which is prepared into said chamber and holds a substrate, 

The hydrogenation silicon gas supply system which introduces hydrogenation silicon gas into said chamber, 

The nitrogen fluoride gas supply system which introduces nitrogen fluoride gas into said chamber, 

The oxygen content gas supply system which introduces the oxygen content gas which contains an oxygen 

atom in said chamber, 

The plasma generator which makes said chamber generate the plasma 
It has **, 

Said plasma generator and said hydrogenation silicon gas supply system form the hydrogen content silicone 
film which generates the plasma where said hydrogenation silicon gas is introduced into said chamber, and 
contains hydrogen and silicon to said substrate, 

Said plasma generator and said nitrogen fluoride gas supply system, and said oxygen content gas supply 
system clean the interior of said chamber using said nitrogen fluoride gas and said oxygen content gas. 
CVD system. 
[Claim 18] 

In a CVD system according to claim 1 7, 

Furthermore, it has the thermo sensor which measures the internal-surface temperature which is the 
temperature of the internal surface of said chamber, 

Said nitrogen fluoride gas supply system contains the nitrogen fluoride quantity-of-gas-flow controller 
which adjusts the flow rate of said nitrogen fluoride gas, 

Said oxygen content gas supply system contains the oxygen content gas-control machine which adjusts 
the flow rate of said oxygen content gas, 

While the interior of said chamber is cleaned, said nitrogen fluoride quantity-of-gas-flow controller and said 
oxygen content gas-control machine answer said internal-surface temperature, and adjust the flow rate of 
said nitrogen fluoride gas, and the flow rate of said oxygen content gas, respectively. 
CVD system. 
[Claim 19] 

In a CVD system according to claim 17, 

Furthermore, it has the thermo sensor which measures the exhaust-gas temperature which is the 
temperature of the exhaust gas discharged from said chamber, 

Said nitrogen fluoride gas supply system contains the nitrogen fluoride quantity-of-gas-flow controller 
which adjusts the flow rate of said nitrogen fluoride gas, 

Said oxygen content gas supply system contains the oxygen content gas-control machine which adjusts 
the flow rate of said oxygen content gas, 

While the interior of said chamber is cleaned, said nitrogen fluoride quantity-of-gas-flow controller and said 
oxygen content gas-control machine answer said exhaust-gas temperature, and adjust the flow rate of said 
nitrogen fluoride gas, and the flow rate of said oxygen content gas, respectively. 



CVD system. 
[Claim 20] 

In a CVD system according to claim 17, 

Furthermore, it has the ammonia concentration sensor which measures the concentration of the ammonia 
contained in the exhaust gas discharged from said chamber, 

Said nitrogen fluoride gas supply system contains the nitrogen fluoride quantity-of-gas-flow controller 
which adjusts the flow rate of said nitrogen fluoride gas, 

Said oxygen content gas supply system contains the oxygen content gas-control machine which adjusts 
the flow rate of said oxygen content gas, 

While the interior of said chamber is cleaned, said nitrogen fluoride quantity-of-gas-flow controller and said 
oxygen content gas-control machine answer said concentration, and adjust the flow rate of said nitrogen 
fluoride gas, and the flow rate of said oxygen content gas, respectively. 
CVD system. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[Field of the Invention] 

-T00011 ~ . ■ = m . a — - ^ ; 

Especially this invention relates to the technique which cleans the chamber to which membrane formation 
was performed, after forming a silicone film about the manufacture approach of a semiconductor device, 
and membrane formation equipment using the material gas containing hydrogenation silicon gas. 
[Background of the Invention] 
[0002] 

A silicone film and a silicon nitride film are often formed by the plasma-CVD method (Chemical Vapor 
Deposition) which used hydrogenation silicon gas as material gas. For example, formation of the amorphous 
silicon film using a plasma-CVD method is performed by [ as being the following ]. A silane (SiH4) is 
introduced into the chamber in which the substrate was laid, and the plasma is generated inside a chamber. 
A silane is decomposed by generating of the plasma and the amorphous silicon film accumulates on the 
surface of a substrate according to it. 
[0003] 

After membrane formation of a silicone film or a silicon nitride film is completed, cleaning which removes 
the film adhering to un-wanting inside a chamber needs to be performed. Chamber cleaning is important in 
order to control generating of particle. 
[0004] 

The technique which cleans the inside of a chamber using fluorocarbon gas and the mixed gas of oxygen 
has been used most widely as chamber cleaning performed after a silicone film or a silicon nitride film is 
formed. Silicon is removed when the fluorine and silicon which are contained in fluorocarbon gas react. The 
carbon of the fluorocarbon gas which remains reacts with oxygen, turns into a carbon dioxide which is a 
gas, and is discharged. Such a technique is indicated by the patent reference 1 . 
[0005] 

However, cleaning a chamber using nitrogen fluoride is considered by recent years from a viewpoint of 
environmental protection instead of the fluorocarbon gas which is greenhouse gas. Typically as nitrogen 
fluoride, 3 nitrogen fluoride (NF3) is used. 
[0006] 

One technical problem of the chamber cleaning technique which used nitrogen fluoride is the process of 
cleaning, and is that stable ammonium fluorosilicate (NH4) (2SiF6) may accumulate on the interior of a 
vacuum system membrane formation is performed. The silicone film formed by the CVD method using 
hydrogenation silicon gas or the silicon nitride film contains a lot of hydrogen. When cleaning the chamber 
to which the silicone film or the silicon nitride film adhered using nitrogen fluoride, the silicon which remains 
in a chamber, the hydrogen which remains to the silicon, and nitrogen fluoride react, and it is easy to 
generate ammonium fluorosilicate. The ammonium fluorosilicate which is a solid-state in ordinary 
temperature may be deposited on the interior of the exhaust system exhausted from a chamber and a 
chamber. Therefore, generation of ammonium fluorosilicate can cause [ of the exhaust system (for 
example, an exhaust pipe arrangement and a vacuum pump) exhausted from a chamber ] lock out, when it 
can become the cause of generating of particle. Since this ammonium fluorosilicate is stable, that removal 
is difficult for it. 



[0007] 

Since deposited ammonium fluorosilicate is harmful matter, it needs to be processed by insurance. The 
patent reference 2 is indicating the technique of preparing the re-coagulation trap which carries out a trap 
to an exhaust system by solidifying ammonium fluorosilicate. The re-coagulation trap currently indicated by 
the patent reference 2 makes it possible to process ammonium fluorosilicate safely, without suspending a 
GVD system. However, the technique indicated by the patent reference 2 is not for preventing generating 
and deposition of ammonium fluorosilicate. 
[0008] 

Offer of the technique which controls the technique which controls deposition in the interior of the vacuum 
system of ammonium fluorosilicate, division, and the generating of ammonium fluorosilicate itself is desired. 
[Patent reference 1] JP,2001-131752,A 
[Patent reference 2] JP,1 1-200055,A 
[Description of the Invention] 
[Problem(s) to be Solved by the Invention] 

[0009]__ _ 

The purpose ortHi^im^tiorTi 

formation was performed to offer the cleaning technique of preventing effectively ammonium fluorosilicate 
accumulating on a vacuum system, after forming the silicon content film containing a lot of hydrogen. 
Other purposes of this invention are in the process which cleans a vacuum system to offer the technique 
which controls generating of ammonium fluorosilicate effectively, after forming the silicon content film 
containing a lot of hydrogen. 
[Means for Solving the Problem] 
[0010] 

Below, The means for solving a technical problem is explained using the number and sign used by 
[Embodiment of the Invention]. These numbers and signs are added in order to clarify correspondence 
relation between the publication of a [claim], and the publication of [Embodiment of the Invention]. 
However, don't use the added number and sign for the interpretation of the technical range of invention 
indicated by the [claim]. 
[0011] 

The cleaning approach by this invention, 

The nitrogen fluoride gas installation step which introduces nitrogen fluoride gas into the vacuum system 
(2, 21, 22) by which the hydrogen content silicone film containing a hydrogen atom and silicon is formed in 
the interior, 

The oxygen content gas installation step which introduces the oxygen content gas which contains an 
oxygen atom in said vacuum system (2, 21, 22), 

The cleaning step which cleans said vacuum system (2, 21, 22) using said nitrogen fluoride gas and said 
oxygen content gas 
It has **. 
[0012] 

Use of oxygen content gas controls generation of ammonium fluorosilicate effectively according to the 
following mechanism. The oxygen atom contained in oxygen content gas reacts with the hydrogen atom 
contained in the affix which adheres to un-wanting inside a vacuum system (2, 21, 22). The reaction of an 
oxygen atom and a hydrogen atom checks that the nitrogen and hydrogen which are contained in nitrogen 
fluoride react, and four NH(s) are generated. Since generation of four NH(s) is checked, generation of the 
ammonium fluorosilicate which constitutes four NH(s) is controlled. 
[0013] 

Typically, said oxygen content gas and said nitrogen fluoride gas are introduced into said chamber (2) for 
said vacuum system (2, 21, 22) including the chamber (2) by which said hydrogen content silicone film is 
formed by the substrate (W) in the interior. 
[0014] 

It is suitable for said nitrogen fluoride gas and said oxygen content gas to be introduced into said chamber 

(2) through another piping (17a, 18a). 

[0015] 

Moreover, said a part of oxygen content gas and said nitrogen fluoride gas are introduced into said 



chamber (2) through the 1st piping, and its remainder of said oxygen content gas is suitable also for being 

introduced into said chamber (2) through the 2nd piping. 

[0016] 

Typically as said oxygen content gas, oxygen gas is used. 

[0017] ... 
C'VD (Chemical Vapor Deposition) for which membrane formation of said hydrogen content silicone film 
uses hydrogenation silicon gas as material gas — when carried out by law, it is suitable for said oxygen 
content gas that it is formed with the compound of elements other than oxygen and oxygen, and said 
hydrogenation silicon gas and the oxygen compound gas which does not react are used. Instead of being 
the hydrogenation silicon gas used as material gas. and oxygen gas with high reactivity, it is suitable from a 
viewpoint of improvement in safety that the above hydrogenation silicon gas and the oxygen compound gas 
which does not react are used. For example, it is suitable as said oxygen content gas that nitrogen oxide 
gas or carbon monoxide gas is used. 
[0018] 

_ In..order.to,contCQlgenexation of amm gj^mJflu^sHi^ g ~. ^ 

that ozone is included Reactivity of ozone with the hydrogen atom contained^ thesilicon content film is 
high. Therefore, use of ozone controls generation of four NH(s) and controls generation of ammonium 
fluorosilicate as a result. 
[0019] 

The cleaning approach concerned, 

ft has further the rare-gas installation step which introduces rare gas into said chamber (2), and it is 
suitable for said cleaning step that the step which generates the plasma in said chamber (2) where said 
nitrogen fluoride gas, said oxygen content gas, and said rare gas are introduced into said chamber (2) is 
included. The oxygen ion generated from said oxygen content gas makes unstable the plasma used for 
cleaning. Introducing into a chamber (2) the rare gas which easy-izes generation of the plasma controls 
destabilization of the plasma resulting from oxygen ion effectively. 

[0020] , . . .. 

While said cleaning step is performed, it is suitable for said nitrogen fluoride gas installation step and said 
oxygen content gas installation step to be carried out by turns. Use of oxygen content gas carries out 
induction of the reaction for which silicon turns into silicon oxide with a slow etch rate. and. thereby, 
reduces the removal rate of an affix [ **** / un-]. The fall of the removal rate of an affix can be 
controlled, said nitrogen fluoride gas installation step and said oxygen content gas installation step 
controlling generation of ammonium fluorosilicate by being carried out by turns. 
[0021] 

It can set suitably at the 1st period immediately after initiation of said cleaning step. The oxygen content 
quantity of gas flow by which said oxygen content gas is supplied to said vacuum system (2, 21. 22). The 
ratio R1 to the nitrogen fluoride quantity of gas flow by which said nitrogen fluoride gas is supplied to said 
vacuum system (2. 21. 22) is adjusted so that it may become larger than the ratio R2 to said nitrogen 
fluoride quantity of gas flow of said oxygen content quantity of gas flow in the 2nd period following said 1 st 
period. In the 1st period immediately after initiation of cleaning, the temperature of a vacuum system (2. 21, 
22) is low and it is easy to generate ammonium fluorosilicate. In order to control generation of ammonium 
fluorosilicate. in the 1st period, the ratio to the nitrogen fluoride quantity of gas flow of an oxygen content 
quantity of gas flow is increased. On the other hand, after the temperature of a vacuum system (2. 21. 22) 
fully rises, it is hard to generate ammonium fluorosilicate. In the 2nd period when it is hard to generate 
ammonium fluorosilicate, in order to reduce the removal rate of an affix [ **** / un-], the ratio to the 
nitrogen fluoride quantity of gas flow of an oxygen content quantity of gas flow decreases. Therefore, the 
fall of the removal rate of an affix can be controlled, controlling generation of ammonium fluorosilicate by 
controlling the ratio to the nitrogen fluoride quantity of gas flow of an oxygen content quantity of gas flow 
as mentioned above. 

[0022] £ 
More suitably, after termination of said 2nd period, the ratio R3 to said nitrogen fluoride quantity of gas 
flow of said oxygen content quantity of gas flow in the 3rd period until said cleaning step is completed is 
adjusted so that it may become larger than said ratio R2. Just before a cleaning step is completed, in order 
that an affix may decrease, the amount of the unreacted nitrogen fluoride in a vacuum system (2. 21. 22) 



increases. The increment in the unreacted amount of nitrogen fluoride promotes generation of ammonium 
fluorosilicate. By increasing the ratio to the nitrogen fluoride quantity of gas flow of an oxygen content 
quantity of gas flow in the 3rd period just before said cleaning step is completed, generation of ammonium 
fluorosilicate can be controlled effectively. 
[0023] 

The cleaning approach concerned is , 

The step which measures the internal-surface temperature which is the temperature of the internal 
surface of said chamber (2) while said cleaning step is performed, 

The step which controls the oxygen content quantity of gas flow which answers said internal-surface 
temperature, and by which said oxygen content gas is supplied to said vacuum system (2, 21, 22), and the 
nitrogen fluoride quantity of gas flow by which said nitrogen fluoride gas is supplied to said vacuum system 
(2,21,22) 

It is suitable to have **. Internal-surface temperature serves as an index of the ease of carrying out of 
generation of the ammonium fluorosilicate in the interior of a chamber (2). Therefore, control with the 
^oxygen-content-quantit y~of~ gas-flow^an d-nitro g 
surface temperature makes it possible to control an oxygen content quantity of gas flow and a nitrogen 
fluoride quantity of gas flow appropriately according to the ease of carrying out of generation of ammonium 
fluorosilicate. 
[D024] 

By the same reason, the cleaning approach concerned is , 

The step which measures the exhaust-gas temperature which is the temperature of the exhaust gas 
discharged from said chamber (2) while said cleaning step is performed, 

The step which controls the oxygen content quantity of gas flow which answers said exhaust-gas 
temperature, and by which said oxygen content gas is supplied to said vacuum system (2, 21, 22), and the 
nitrogen fluoride quantity of gas flow by which said nitrogen fluoride gas is supplied to said vacuum system 
(2,21,22) 

It is suitable to have **. Exhaust-gas temperature serves as an index of the ease of carrying out of 
generation of the ammonium fluorosilicate in the interior of a chamber (2). Therefore, control with the 
oxygen content quantity of gas flow and nitrogen fluoride quantity of gas flow which answered exhaust-gas 
temperature makes it possible to control an oxygen content quantity of gas flow and a nitrogen fluoride 
quantity of gas flow appropriately according to the ease of carrying out of generation of ammonium 
fluorosilicate. 
[0025] 

Moreover, the cleaning approach concerned is , 

The step which measures the concentration of the ammonia contained in the exhaust gas discharged from 
said chamber (2) while said cleaning step is performed, 

7h e step which controls the oxygen content quantity of gas flow which answers said concentration, and by 
which said oxygen content gas is supplied to said vacuum system (2, 21, 22), and the nitrogen fluoride 
quantity of gas flow by which said nitrogen fluoride gas is supplied to said vacuum system (2, 21, 22) 
It is suitable to have **. The concentration of the ammonia contained in an exhaust gas serves as an index 
of the ease of carrying out of generation of the ammonium fluorosilicate in the interior of a chamber (2). 
Therefore, control with the concentration oxygen content quantity of gas flow of ammonia and nitrogen 
fluoride quantity of gas flow which are contained in an exhaust gas makes it possible to control an oxygen 
content quantity of gas flow and a nitrogen fluoride quantity of gas flow appropriately according to the ease 
of carrying out of generation of ammonium fluorosilicate. 
[0026] 

The chamber by which said hydrogen content silicone film is formed for a vacuum system (2, 21, 22) by the 
substrate (W) in the interior (2), When the exhaust pipe arrangement (21) connected to a chamber (2) and 
the vacuum pump (22) which exhausts said chamber (2) through an exhaust pipe arrangement (21) are 
included Nitrogen fluoride gas is introduced into said chamber (2), and it is suitable for oxygen gas to be 
introduced into one of an exhaust pipe arrangement (21) and the vacuum pumps (22). 
[0027] 

The substrate electrode holder which the CVD system by this invention is formed into a chamber (2) and 
said chamber (2), and holds a substrate (W) (3), The hydrogenation silicon gas supply system which 



introduces hydrogenation silicon gas into said chamber (2) (11.13. 14). The nitrogen fluoride gas supply 
system which introduces nitrogen fluoride gas into said chamber (2) (17a. 18a, 19a), It has the oxygen 
content gas supply system (17b, 18b, 19b) which introduces the oxygen content gas which contains an 
oxygen atom in said chamber (2), and the plasma generator (6, 7, 8) which makes said chamber (2) generate 
the plasma. Said plasma generator (8) and said hydrogenation silicon gas supply system (11, 13, 14) form 
the hydrogen content silicone film which generates the plasma where said hydrogenation silicon gas is 
introduced into said chamber (2), and contains hydrogen and silicon to said substrate (W). A plasma 
generator (8), said nitrogen fluoride gas supply system (17a, 18a, 19a), and said oxygen content gas supply 
system (17b. 18b. 19b) clean the interior of said chamber (2) using said nitrogen fluoride gas and said 
oxygen content gas. 
[0028] 

The hydrogen atom contained in the affix which adhered to un-wanting inside the chamber (2) after 
membrane formation of a hydrogen content silicone film reacts with the oxygen atom contained in oxygen 
content gas. The reaction of a hydrogen atom and an oxygen atom checks that the nitrogen and hydrogen 
^which are contained;;in-nitrogenjfluoride.neact,^ 

is checked, generation of the ammonium fluorosilicate which constitutes four NH(s) is controlled. 
[0029] 

The CVD system concerned is equipped with the thermo sensor (24) which measures further the internal 
surface temperature which is the temperature of the internal surface of said chamber (2). A nitrogen 
fluoride gas supply system (17a. 18a, 19a) The nitrogen fluoride quantity-of-gas-flow controller (19a) which 
adjusts the flow rate of said nitrogen fluoride gas is included. An oxygen content gas supply system (17b. 
18b. 19b) The oxygen content gas-control machine (19b) which adjusts the flow rate of said oxygen 
content gas is included. While the interior of a chamber (2) is cleaned, said nitrogen fluoride quantity-of- 
gas-flow controller (19a) and said oxygen content gas-control machine (19b) Respectively, it is suitable to 
answer said internal-surface temperature and to adjust the flow rate of said nitrogen fluoride gas and the 
flow rate of said oxygen content gas. Control with the oxygen content quantity of gas flow and nitrogen 
fluoride quantity of gas flow which answered internal-surface temperature makes it possible to control an 
oxygen content quantity of gas flow and a nitrogen fluoride quantity of gas flow appropriately according to 
the ease of carrying out of generation of ammonium fluorosilicate. 
[0030] 

When the CVD system concerned is equipped with the thermo sensor (25) which measures the exhaust 
gas temperature which is the temperature of the exhaust gas discharged from said chamber (2), it is 
suitable for said nitrogen fluoride quantity-of-gas-flow controller (19a) and said oxygen content gas- 
control machine (19b) respectively to answer said exhaust-gas temperature and to adjust the flow rate of 
said nitrogen fluoride gas and the flow rate of said oxygen content gas. Control with the oxygen content 
quantity of gas flow and nitrogen fluoride quantity of gas flow which answered exhaust-gas temperature 
makes it possible to control an oxygen content quantity of gas flow and a nitrogen fluoride quantity of gas 
flow appropriately according to the ease of carrying out of generation of ammonium fluorosilicate. 

[0031] . i 

When the CVD system concerned is equipped with the ammonia concentration sensor (26) which measures 
the concentration of the ammonia contained in the exhaust gas discharged from said chamber (2), it is 
suitable to answer said concentration and to adjust the flow rate of said nitrogen fluoride quantity-of-gas- 
flow controller (19a), said each of oxygen content gas-control machine (19b). and said nitrogen fluoride gas 
and the flow rate of said oxygen content gas. Control with the concentration oxygen content quantity of 
gas flow of ammonia and nitrogen fluoride quantity of gas flow which are contained in an exhaust gas 
makes it possible to control an oxygen content quantity of gas flow and a nitrogen fluoride quantity of gas 
flow appropriately according to the ease of carrying out of generation of ammonium fluorosilicate. 
[Effect of the Invention] 
[0032] 

After forming the silicon content film containing a lot of hydrogen by this invention, the cleaning technique 
prevented more effectively is offered [ that ammonium fluorosilicate accumulates on a vacuum system, 
and ] in the process of cleaning of a vacuum system in which membrane formation was performed. 
Moreover, the technique which controls generating of ammonium fluorosilicate by this invention in the 
process in which chamber cleaning is performed after forming the silicon content film containing a lot of 



hydrogen is offered. 

[Best Mode of Carrying Out the Invention] 

E° 033 ] 

Drawing 1 shows CVD system 1 with which one gestalt of operation of the CVD system cleaning approach 
by this invention is applied. CVD system 1 is membrane formation equipment for forming the amorphous 
silicon film and a polycrystal silicone film on the front face of Substrate W. When the amorphous silicon film 
and a polycrystal silicone film do not need to distinguish them below, it may be indicated as a silicone film. 
[0034] 

CVD system 1 is equipped with the chamber 2. Into a chamber 2, the substrate electrode holder 3 holding 
Substrate W is formed. The substrate electrode holder 3 contains the heater 4 which heats Substrate W, 
and the grounded heater cover 5. Substrate W is supported by the heater cover 5. 
[0035] 

In the chamber 2, the ladder electrode 6 which counters the substrate electrode holder 3 is formed. The 
ladder electrode 6 is connected to RF generator 8 through the matching box 7. The electrode covering 9 

r^ wh j ch _ covers ^ t ^ 

[0036] „ . 

The electrode covering 9 which covers the ladder electrode 6 is connected to the reactant gas installation 
tubing 10. The reactant gas installation tubing 10 is connected to the silane gas piping 11 and the hydrogen 
gas piping 1 2. The silane gas piping 1 1 and the hydrogen gas piping 1 2 introduce silane gas and hydrogen 
gas into a chamber 2 through the reactant gas installation tubing 10, respectively. The introductory bulb 13 
and a massflow controller 14 are inserted in the silane gas piping 1 1, and the introductory bulb 15 and the 
massflow controller 1 6 are inserted in the hydrogen gas piping 1 2. A massflow controller 1 4 adjusts the 
flow rate by which silane gas is supplied to a chamber 2, and a massflow controller 16 adjusts the flow rate 
by which hydrogen gas is supplied to a chamber 2. 
[0037] 

In order to dope an impurity to the silicone film formed, piping (not shown) which supplies diboron 
hexahydride (B-2 H6). a phosphine (PH3), and an arsine (AsH3) may be connected to the reactant gas 
installation tubing 10. According to the conductivity type of the silicone film formed, diboron hexahydride 
(B-2 H6), a phosphine (PH3), and an arsine (AsH3) are introduced into a chamber 2 if needed. 
[0038] 

The cleaning gas piping 1 7 which supplies cleaning gas is connected to the chamber 2. Cleaning gas 
contains 3 nitrogen fluoride (NF3) and oxygen gas (02). It is important that oxygen gas (02) is contained in 
cleaning gas in order to control generation of ammonium fluorosilicate, so that it may be mentioned later. 
The introductory bulb 1 8 and the massflow controller 1 9 are inserted in the cleaning gas piping 1 7. A 
massflow controller 1 9 adjusts the flow rate by which cleaning gas is supplied to a chamber 2. 
[0039] 

The chamber 2 is connected to the vacuum pump 22 through the exhaust pipe arrangement 21. A vacuum 

pump 22 exhausts a chamber 2 and decompresses a chamber 2 to a desired pressure. 

[0040] 

CVD system 1 is further equipped with the control unit 20. A control device 20 controls the introductory 
bulbs 13, 15, and 18, massflow controllers 14, 16, and 19, and RF generator 8. Control of the flow rate of 
closing motion of the introductory bulbs 13. 15, and 18, silane gas, hydrogen gas, and cleaning gas. 
generating initiation of the plasma by RF generator 8, and generating closing are performed under control of 
a control unit 20. 
[0041] 

Membrane formation to the front face of the substrate W of a silicone film is performed by the plasma- 
CVD method. The introductory bulbs 13 and 15 are opened under control of a control device 20. By 
opening the introductory bulbs 13 and 15, the silane gas used as the raw material of a silicone film is 
introduced into a chamber 2 from the silane gas piping 11, and hydrogen gas is introduced into a chamber 2 
from the hydrogen gas piping 1 2. When the ratio to the silane quantity of gas flow of a hydrogen quantity of 
gas flow is enlarged when the amorphous silicon film is formed, and a polycrystal silicone film is formed, the 
ratio to the silane quantity of gas flow of a hydrogen quantity of gas flow is made small. Furthermore, 
diboron hexahydride. a phosphine, and an arsine are introduced into a chamber 2 if needed. RF generator 8 
supplies high-frequency power (RF power) to the ladder electrode 6 under control of a control unit 20 in 



the condition that silane gas and hydrogen gas were introduced into the chamber 2. By supplying high- 
frequency power to the ladder electrode 6, the plasma occurs inside a chamber 2. A silane is decomposed 
by generating of the plasma and a silicone film grows up to be the front face of Substrate W according to 
it. 

[0042] . 
In the process in which a silicone film is formed by Substrate W, the affix which uses silicon as a principal 
component adheres to un-wanting inside a chamber 2 inevitably. An affix contains many hydrogen atoms 
like the silicone film formed by Substrate W. Since the rate of the hydrogen gas occupied to material gas is 
large when membrane formation of the amorphous silicon film is performed, the amount of the hydrogen 
atom contained in an affix is large. 
[0043] 

In order to remove the affix for which it is not asked [ this ], after forming membranes to the substrate W 
of a silicone film, cleaning of a chamber 2 is performed using the cleaning gas containing 3 nitrogen-fluoride 
gas and oxygen gas. Cleaning of a chamber 2 is performed as follows. By the control device 20, the 
r.^ittooductoty^ulbsiajs-.opene^ 

gas) is introduced into a chamber 2 from the cleaning gas piping 1 7. Where cleaning gas is introduced, high- 
frequency power is supplied to the ladder electrode 6, and the plasma is generated inside a chamber 2. 
According to generating of the plasma, a fluorine radical occurs from 3 nitrogen fluoride. When the fluorine 
radical reacts with the silicon of an affix, a non-wanted affix serves as silicon fluoride silicon gas, is 
discharged outside, and is removed from a chamber 2. 
[0044] 

The oxygen gas mixed in cleaning gas prevents effectively that ammonium fluorosihcate is generated in 
process of removal of an affix. The oxygen gas introduced into the chamber 2 is radical-ized by the plasma, 
and an oxygen radical generates it inside a chamber 2 by it. The hydrogen atom contained in an affix reacts 
with the generated oxygen radical, becomes water of a gaseous phase, and is discharged from a chamber 2. 
Since it is consumed when the hydrogen atom contained in an affix reacts with an oxygen radical, the 
reaction of the nitrogen atom and hydrogen atom which are contained in 3 nitrogen fluoride cannot occur 
easily. This means that generation of four NH(s) is checked. By checking generation of 44 NH(s), generation 
of the ammonium fluorosilicate which uses four NH(s) as a component is controlled effectively. 
[0045] 

As for the ratio of the 3 nitrogen-fluoride gas and oxygen gas which are introduced into a chamber 2, it is 
desirable to be adjusted according to the concentration of the hydrogen atom contained in the film formed 
by Substrate W. The reaction of an oxygen radical and the silicon of an affix makes the silicon oxide which 
has the property which is hard to be etched as compared with silicon generate. Therefore, while the 
installation to the chamber 2 of oxygen gas prevents generating of ammonium fluorosilicate effectively, it 
reduces the etching rate of an affix. Therefore, as for the ratio of 3 nitrogen-fluoride gas and oxygen gas, it 
is desirable to be set according to the concentration of the hydrogen atom contained in the silicone film 
formed by Substrate W, corresponding to the concentration of the hydrogen atom contained in an affix. 
When the amorphous silicon film containing more hydrogen atoms is formed by Substrate W, in order to 
control generating of ammonium fluorosilicate, the ratio to the 3 nitrogen-fluoride gas of oxygen gas is 
increased. On the other hand, when the polycrystal silicone film which contains few hydrogen atoms 
compared with the amorphous silicon film is formed by Substrate W, the ratio to the 3 nitrogen-fluoride gas 
of oxygen gas decreases, and an unnecessary reduction of the etching rate of an affix is avoided. 
[0046] 

It is suitable that 3 nitrogen-fluoride gas and oxygen gas are independently introduced into a chamber 2 in 
order to make easy adjustment of the ratio of 3 nitrogen-fluoride gas and oxygen gas. as shown in drawing 
2 . In this case. 3 nitrogen-fluoride piping 17a which supplies 3 nitrogen-fluoride gas is connected to a 
chamber 2, and oxygen gas piping 17b which supplies oxygen gas is connected to a chamber 2. Massflow 
controller 19a and introductory bulb 18a which control the flow rate of 3 nitrogen-fluoride gas are inserted 
in 3 nitrogen-fluoride piping 17a, and massflow controller 19b and introductory bulb 18b which control the 
flow rate of oxygen gas are inserted in oxygen gas piping 1 7b. It connects with a control unit 20 and the 
introductory bulbs 18a and 18b and massflow controllers 19a and 19b are controlled by the control unit 20. 
When membrane formation of the amorphous silicon film is performed, massflow controllers 1 9a and 1 9b 
adjust the flow rate of 3 nitrogen-fluoride gas and oxygen gas so that the ratio (rate of an oxygen ratio) to 



the 3 nitrogen-fluoride gas of the flow rate of oxygen gas may become large under control of a control unit 
20. On the contrary, as compared with the rate of an oxygen ratio in case membrane formation of the 
amorphous silicon film is performed, when membrane formation of a polycrystal silicone film is performed 
massflow controllers 19a and 19b adjust the flow rate of 3 nitrogen-fluoride gas and oxygen gas so that the 
rate of an oxygen ratio may decrease. 
[0047] 

Moreover, it is suitable for the cleaning gas containing 3 nitrogen-fluoride gas and oxygen gas 
independently that oxygen gas is introduced into a chamber 2 as shown in drawing_3 . In this case, oxygen 
gas piping 17b which supplies oxygen gas is additionally connected to a chamber 2, and massflow controller 
19b which controls the flow rate of oxygen gas. and introductory bulb 18b are inserted in oxygen gas piping 
1 7b. It connects with a control unit 20 and introductory bulb 1 8b and massflow controller 1 9b are 
controlled by the control unit 20. Such a configuration is convenient when forming the silicone film with 
which the concentration containing a hydrogen atom differs by the same chamber 2. When a chamber 2 is 
cleaned after the amorphous silicon film which contains a hydrogen atom by high concentration is formed, 

is enlarged. When a chamber 2 is cleaned on the other hand after the polycrystal silicone film which 
contains a hydrogen atom by low concentration is formed, introductory bulb 18b is closed. When this needs 
only the oxygen gas of a small flow rate, control of massflow controller 19b becomes unnecessary. 
[0048] 

Also in which configuration of drawing 1 thru/or drawing 3 , it is suitable that silane gas and the gas of the 
oxygen compound which does not react are used instead of oxygen gas. Oxygen gas tends to react with 
hydrogenation silicon like a silane. Therefore, in the condition that silane gas remains accidentally inside a 
chamber 2, if oxygen gas is introduced into a chamber 2, the rapid reaction of oxygen gas and silane gas 
may occur un-wanting. Instead of oxygen gas, it is effective in improvement in the safety of CVD system 1 
that the gas of an oxygen compound with low reactivity is used. As gas of an oxygen compound, NO, 
nitrogen oxide gas like N02, and carbon monoxide gas like CO and C02 may be used. 

[0049] . , . * 

The cleaning gas containing oxygen compound gas and 3 nitrogen-fluoride gas has oxygen gas suitable also 
for being independently introduced into a chamber 2 as shown in drawing 4 . 

[0050] . . , 

It is effective that an ozonator 23 is formed in oxygen gas piping 17b by which oxygen gas is passed, and 
ozone is introduced into a chamber 2 by the ozonator 23 in order to control generating of ammonium 
fluorosilicate. as shown in drawing 5 . The ozone with reactivity higher than oxygen gas tends to react with 
a hydrogen atom. Therefore, the installation to the chamber 2 of ozone controls generating of four NH(sJ, 
therefore controls generating of ammonium fluorosilicate effectively. Furthermore, use of ozone is desirable 
also at the point which makes it unnecessary to generate the plasma at the time of cleaning. 
[0051] 

The installation to the chamber 2 of rare gas is desirable at the point of preventing destabilization of the 
plasma by installation of oxygen gas effectively. Typically as rare gas, argon gas may be used. The oxygen 
ion which is an anion is generated from oxygen gas. Generating of an anion causes destabilization of the 
plasma. However, the plasma can be stabilized by introducing into a chamber 2 the rare gas which has a 
property that it is easy to generate the plasma. Cleaning gas is mixed, a chamber 2 can be supplied by rare 
gas, and a chamber 2 can be supplied through another piping as shown in drawing 6 . 

When it has the configuration whose CVD system 1 can introduce 3 nitrogen-fluoride gas and oxygen gas 
into a chamber 2 from another piping with reference to drawing 2 , it is suitable for supply of 3 nitrogen- 
fluoride gas. and supply of oxygen gas during cleaning to be carried out by turns. Like previous statement 
the installation to the chamber 2 of oxygen gas reduces the etching rate of an affix. Therefore, it is suitable 
for the installation to the chamber 2 of oxygen gas that it can minimize. The installation to the chamber 2 
of oxygen gas is suitable for supplying 3 nitrogen-fluoride gas and oxygen gas by turns at the point which 
can be minimized. 
[0053] 

More specifically, cleaning is performed by the following procedures. The plasma is generated in the 
condition that supply of 3 nitrogen-fluoride gas is suspended under control of a control device 20. and 



oxygen gas is supplied to the chamber 2. and the surface section of an affix is processed by the oxygen 
radical generated from oxygen gas. The hydrogen atom contained in the surface section by processing by 
the oxygen radical is removed by the reaction with an oxygen radical. Then, supply to the chamber 2 of 
oxygen gas is suspended under control of a control device 20, and supply of 3 nitrogen-fluoride gas is 
started. The silicon (and silicon oxide) which remains in the surface section of an affix is processed and 
removed by the fluorine radical generated from 3 nitrogen fluoride. The part containing many hydrogen 
atoms is exposed by removing the silicon of the surface section. Like the following, supply of oxygen gas 
and supply of 3 nitrogen-fluoride gas are performed by turns, and cleaning of a chamber 2 advances. 

[0054] , , r 

It is also suitable by the same reason that supply of 3 nitrogen-fluoride gas and supply of ozone gas are 

performed by turns between cleanings with reference to drawing 5 . 

[0055] „ 

When it has the configuration whose CVD system 1 can introduce 3 nitrogen-fluoride gas and oxygen gas 
into a chamber 2 from another piping with reference to drawing _2 . it is suitable that the flow rate of 
^oxygen;gas^nd^taogensauori€^ 
immediately after cleaning initiation, the ratios R02/NF3 to the 3 nitrogen-fluoride gas of oxygen gas are 
made high, and ratios R02/NF3 are made high in the 3rd period until ratios R02/NF3 are made low and 
cleaning is completed after termination of the 2nd period in the 2nd period following the 1st period. Here, 
the flow rate [02] of oxygen gas and the flow rate [NF3] of 3 nitrogen-fluoride gas are used for ratios 
R02/NF3, and they are the following types. : 

R02/NF3=[02]/[NF3], . 

It is the value come out of and defined. When in other words the ratios R02/NF3 in the 1st period 

immediately after cleaning initiation, the 2nd period following the 1st period, and the 3rd period just before 

[ termination ] cleaning are set to R1 . R2. and R3. respectively, the flow rate of oxygen gas and 3 nitrogen 

fluoride gas is the following formula. : 

R1>R2, 

R3>R2 

Being controlled satisfied is suitable. 
[0056] 

It is effective to control the flow rate of oxygen gas and 3 nitrogen-fluoride gas as mentioned above at the 
point which can control the fall of the rate of removal of an affix, controlling generating of ammonium 
fluorosilicate effectively. The reason is as follows. In the 1st period immediately after cleaning initiation, the 
temperature inside a chamber 2 is low. Since it is easy to generate when temperature of ammonium 
fluorosilicate is low. in order to control generation of ammonium fluorosilicate, in the 1st period immediately 
after cleaning initiation, the ratios R02/NF3 to the 3 nitrogen-fluoride gas of oxygen gas are made high. If 
the temperature inside a chamber 2 becomes high enough, it will be hard coming to generate ammonium 
fluorosilicate. So, in the 2nd period following the 1 st period, since the rate of removal of an affix is 
increased, the ratios R02/NF3 to the 3 nitrogen-fluoride gas of oxygen gas are made low. If removal of an 
affix advances and termination of cleaning approaches, the amount of unreacted 3 nitrogen fluoride will 
increase. If the amount of unreacted 3 nitrogen fluoride increases, it will become easy to generate 
ammonium fluorosilicate. So, in the 3rd period just before [ termination ] cleaning, in order to control 
generation of ammonium fluorosilicate, the ratios R02/NF3 to the 3 nitrogen-fluoride gas of oxygen gas 
are made high. 
[0057] 

It is possible by answering the temperature of the internal surface of a chamber 2 and controlling the flow 
rate of oxygen gas and 3 nitrogen-fluoride gas to perform the above-mentioned control automatically as 
shown in drawing 7 . A thermo sensor 24 is formed in two or more parts at the internal surface of a 
chamber 2. A thermo sensor 24 is connected to a control unit 20. A control device 20 answers the 
temperature of the internal surface of the chamber 2 measured by the thermo sensor 24. and controls 
massflow controllers 1 9a and 1 9b. 

[0058] „ . a . , 

More, in a detail, as a control unit 20 is the following, it controls the ratio to the 3 nitrogen-fluoride gas of 
oxygen gas. Immediately after, immediately after starting cleaning, a control unit 20 controls massflow 
controllers 19a and 19b, and it adjusts the ratio to the 3 nitrogen-fluoride gas of oxygen gas so that it may 



be set to R1 [ high in comparison ]. If the temperature of the internal surface of the chamber 2 measured 
by the thermo sensor 24 becomes higher than predetermined temperature, the ratio to the 3 nitrogen- 
fluoride gas of oxygen gas will be changed to R2 [ smaller than R1 ]. Since the reaction of the silicon of an 
affix and a fluorine radical is exothermic reaction, if cleaning advances and removal of an affix completes it 
partially, the temperature of an internal surface will begin to fall in the part which removal of an affix 
completed. If the thermo sensor 24 of a predetermined number detects initiation of a fall of the 
temperature of an internal surface among thermo sensors 24, a control unit 20 will change the ratio to the 
3" nitrogen-fluoride gas of oxygen gas to R3 [ larger ] than R2. Thereby, the above-mentioned control can 
be performed automatically. 
[0059] 

It is possible to answer the temperature of the exhaust gas exhausted from a chamber 2 instead of the 
temperature of the internal surface of a chamber 2. and to control the flow rate of oxygen gas and 3 
nitrogen-fluoride gas as shown in drawing 8 . Since the temperature of exhaust gas shows the average 
temperature of a chamber 2. the temperature of exhaust gas is usable instead of the temperature of the 

.■Hrrt ern a|. SM rfao.«.nf.a~^ 

temperature of exhaust gas is formed in an exhaust pipe arrangement 21 instead of a thermo sensor 24 
being formed in the internal surface of a chamber 2 as shown in drawing_8 . A thermo sensor 25 is 
connected to a control unit 20. 
[0060] 

CVD system 1 of drawing 8 controls the flow rate of oxygen gas and 3 nitrogen-fluoride gas as follows. 
Immediately after, immediately after starting cleaning, a control unit 20 controls massflow controllers 19a 
and 19b. and it adjusts the ratio to the 3 nitrogen-fluoride gas of oxygen gas so that it may be set to R1 
[ high in comparison ]. If the temperature of the exhaust gas measured by the thermo sensor 25 becomes 
higher than predetermined temperature, the ratio to the 3 nitrogen-fluoride gas of oxygen gas will be 
changed to R2 [ smaller than R1 ]. Then, if initiation of a temperature fall of exhaust gas is detected with a 
thermo sensor 25, a control unit 20 will change the ratio to the 3 nitrogen-fluoride gas of oxygen gas to R3 
[ larger ] than R2. Thereby, the above-mentioned control can be performed automatically. 
[0061] 

As compared with the control which answered the temperature of the internal surface of a chamber 2, 
since control of the flow rate of the oxygen gas which answered the temperature of exhaust gas. and 3 
nitrogen-fluoride gas cannot receive disturbance by the noise easily, it is suitable. The thermo sensor 24 
formed in the internal surface of a chamber 2 tends to gather the noise produced with generating of the 
plasma. On the other hand, since the thermo sensor 25 formed in an exhaust pipe arrangement 21 is not 
put to the plasma, it cannot gather a noise easily. Therefore, control of the flow rate of the oxygen gas 
using the thermo sensor 25 which measures the temperature of exhaust gas. and 3 nitrogen-fluoride gas 
cannot be easily influenced by the noise. 

[0062] r*u 

It is possible to answer the concentration of the ammonia (NH3) contained in exhaust gas instead of the 
temperature of exhaust gas, and to control the flow rate of oxygen gas and 3 nitrogen-fluoride gas as 
shown in drawing 9 . In this case, the thermo sensor 26 which measures the ammonia concentration of 
exhaust gas is formed in an exhaust pipe arrangement 21. A thermo sensor 26 is connected to a control 
unit 20. A control unit 20 answers ammonia concentration and controls the flow rate of oxygen gas and 3 
nitrogen-fluoride gas. 
[0063] 

Generating of ammonium fluorosilicate can be controlled effectively, the rate of removal of an affix 
preventing falling superfluously by answering the ammonia concentration of exhaust gas and controlling the 
flow rate of oxygen gas and 3 nitrogen-fluoride gas. The ammonia concentration of exhaust gas shows the 
ease of carrying out of generating of ammonium fluorosilicate. It is shown that that the ammonia 
concentration of exhaust gas is high has the interior of a chamber 2 in the condition of being easy to 
generate ammonium fluorosilicate. So, when the ammonia concentration of exhaust gas is higher than 
default value, a control device 20 controls generating of ammonium fluorosilicate by introducing oxygen gas 
into the interior of a chamber 2. When the ammonia concentration of exhaust gas is lower than default 
value, a control device 20 suspends supply of the oxygen gas to a chamber 2. and the rate which removes 
an affix is made to increase. 



[0064] 

Instead of being introduced into a chamber 2, being introduced into an exhaust pipe arrangement 21 is 
sOitable for oxygen gas (refer to drawing 10 ), and being introduced into a vacuum pump 22 is suitable for it 
(refer to drawing 1 1 ). As for deposition of ammonium fluorosilicate, generating inside a vacuum pump 22 is 
most serious. If ammonium fluorosilicate accumulates on the interior of a vacuum pump 22, a vacuum pump 
22 may blockade. Furthermore, oxygen gas remains inside a chamber 2 un-wanting, and introducing oxygen 
gas into a chamber 2 cannot deny possibility of affecting the membraneous quality of the silicone film 
formed by the chamber 2. By introducing oxygen gas into an exhaust pipe arrangement 21 or a vacuum 
pump 22, these problems are avoidable. 
[0065] 

More specifically, it is suitable that the oxygen gas piping 27 is connected to the exhaust pipe arrangement 
21 interposed between a chamber 2 and a vacuum pump 22, and oxygen gas is introduced through the 
oxygen gas piping 27 as shown in drawing 10 . The introductory bulb 28 is inserted in the oxygen gas piping 
27. Under control by the control unit 20, the introductory bulb 28 is opened, when cleaning is performed. 

Similarly, it is suitable that the oxygen gas piping 29 is connected to a vacuum pump 22, and oxygen gas is 
introduced into a vacuum pump 22 through the oxygen gas piping 29 as shown in drawingjM . The 
introductory bulb 30 is inserted in the oxygen gas piping 29. Under control by the control unit 20, the 
introductory bulb 30 is opened, when cleaning is performed. 
[0067] 

It must not be interpreted as the cleaning approach by this invention being limited to the gestalt of the 
above-mentioned operation. It should be minded by that hydrogenation silicon gas and the gas (for 
example, nitrogen oxide gas like NO and N02 and carbon monoxide gas like CO and C02) of the oxygen 
compound which does not react may be used instead of oxygen gas in the configuration especially shown in 
drawing 6 thru/or drawing 1 1 . 
[0068] 

Furthermore, the cleaning approach by this invention should be taken notice of by that it may be applied to 
cleaning of the chamber by which the film of the silicon compound containing many hydrogen atoms other 
than the amorphous silicon film and a polycrystal silicone film was formed. For example, generally a silicon 
nitride film contains many hydrogen atoms. Therefore, the cleaning approach by this invention is applicable 
to cleaning of the chamber by which a silicon nitride film is formed. 
[Brief Description of the Drawings] 
[0069] 

[Drawing 1] Drawing 1 shows the CVD system with which one gestalt of operation of the cleaning approach 
by this invention is applied. 

[Drawing 2] Drawing 2 shows the configuration of the CVD system for introducing 3 nitrogen-fluoride gas 
and oxygen gas into a chamber separately in one gestalt of this operation. 

[Drawing 3] Drawin g 3 shows the configuration of the CVD system for introducing separately into a 
chamber the cleaning gas with which oxygen gas, and 3 nitrogen-fluoride gas and oxygen gas were mixed in 
the gestalt of this operation. 

[ Drawin g 4] Drawin g 4 shows the configuration of the CVD system for introducing separately into a 
chamber the cleaning gas with which oxygen gas, and 3 nitrogen-fluoride gas and oxygen compound gas 
were mixed in the gestalt of this operation. 

[Drawing 5] Drawing 5 shows the configuration of the CVD system for introducing ozone into a chamber in 
the gestalt of this operation. 

[Drawin g 6] Drawing 6 shows the configuration of the CVD system for introducing argon gas into a 
chamber in the gestalt of this operation. 

[ Drawin g 7] Drawin g 7 shows the configuration of the CVD system which answers the temperature of the 
internal surface of a chamber and controls the flow rate of 3 nitrogen-fluoride gas and oxygen gas in the 
gestalt of this operation. 

[Drawing 8] Drawing 8 shows the configuration of the CVD system which answers the temperature of the 
exhaust gas discharged from a chamber, and controls the flow rate of 3 nitrogen-fluoride gas and oxygen 
gas in the gestalt of this operation. 

[ Drawing 9 ] Drawin g 9 shows the configuration of the CVD system which answers the ammonia 



.concentration of the exhaust gas discharged from a chamber, and controls the flow rate of 3 nitrogen- 
fluoride gas and oxygen gas in the gestalt of this operation. 

[Drawing 10] Drawing 10 shows the configuration of the CVD system which introduces oxygen gas into the 

exhaust pipe arrangement connected to the chamber in the gestalt of this operation. 

[Drawing 1 1] Drawing 1 1 shows the configuration of the CVD system which introduces oxygen gas to the 

vacuum pump connected to the chamber in the gestalt of this operation. 

[Description of Notations] 

[0070] 

1 : CVD system 
2: Chamber 

3: Substrate electrode holder 

4: Heater 

5: Heater cover 

6: Ladder electrode 

7: Matching box ^^^^^ 

8: RF generator 

9: Electrode covering 

10: Reactant gas installation tubing 

1 1: Silane gas piping 

12: Hydrogen gas piping 

17: Cleaning gas piping 

17a: 3 nitrogen-fluoride gas piping 

1 7b: Oxygen gas piping 

13, 15, 18, 18a, 18b: An introductory bulb 

14, 16, 19, 19a, 19b: Massflow controller 
20: Control unit 

21: Exhaust pipe arrangement 

22: Vacuum pump 

23: Ozonator 

24 25: Thermo sensor 

26: Ammonia concentration sensor 

27 29: Oxygen gas piping 

28 30: An introductory bulb 
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> ^r^7Hk7> ; e^^A«L^tWo «T@#-C^^>^r^ 7 ? <ffc7 V^E- 7 A |4 
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[0 0 0 7 ] 

•y-t&wmm ^£is:*t&M£PS^LT^& 0 #i^^2 ^^^^ix^^wmm 

[0 0 0 8] 

[#lf l]#§f 2001-131752 -S|-£r$& 
[#^^CE 2] #H¥1 1-200055 -^<Zr$R 

[3I^<7>|!^] 

^fsamprereyrgyg^^ ~" ~~ r ~~~ : 

[0 0 0 9] 

n B&jt-r & * 'J - - y r&m *&®-r *> 1 1 k & « » 

[0 0 10] 

&tk, [nw<7>*ife<75^] -c«ffl?tL*#-^ •jraF-^*ffl^r, 
SB] <vmmk<Dttmmn*whfrK+&tzitoKttMzti"c^Zo fit, fd-ansti*:*-^ 

[0011] 

*§&W K£Z>? y - - > 
2. 21, 2 2) 7y<tM#**#A^*:7yftM#x#A;*xy:/*, 

mtm^& (2, 2i, 22) fc**K^**tr***##***A«**###* 

TKnB^y-fkM^fclfffiRjR^^fcSrffl^TliriB*^ (2, 21, 2 2) 

y - - > y-?z> *v- — yy*Tv7' 

t Zffiz_X^2>o 
[0 0 12] 

ciqnwi-4o »***5!r^t*4ii.**#«TF-»i, (2, 2 1, 2 2) OrtgBfc* 

ic#if 1- * ^ k ^ $ at * tk^ii^ t Rm-r & * m m w.* t frmw,* t oris ii , 

y tl2>^mkfcmttfKJ&LXUH 4 S*«^J!ft?*L4it*|B*i-4. N 

H 4 *©fejft*«lfl*S*L4fcJC>, NH 4 &*m&'r%><r'( y y-ffc T > * - * 

[0013] 

JfcfiWfctt, BiflE^^m (2, 2 1, 2 2) Ji, -e<ortSR-ClrlB7lc*^->y 3>K* S 
(W) fcj*KS*L*^*>M- (2) MiaBJ^^^^t^ffE7y<kM^^ 
BSfiaf-^v^- (2) KigASft&o 
[0014] 

frsa^y^ax^fctiriaM^^xfctt, m<?>wm (1 7 a, 1 8 a) ^Ltt 
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mj-v>^- (2) KigA£tL& ;H«®tWo 
[0 0 15] 

JitfEB8^^ tffife 7 <Hk^|f#x t ti, is i @2W£tf-LTli^rf^f-^ 
(2) KigtA£ft&£ fc 
[0 0 1.6] 

[0 0 17] 

D (Chemical Vapor Deposition) ft"rff*>*t*»^n |i, MlSS^^tf >Ui, 
[0 0 18] 

id 0 1 9] 

#^*1itSB^^^^- (2) fc#AT&^#*^AX:r ? :7*£Mfcfltx., firfE* U - 

/t- (2) fc^AStifcflt^-eiJirfe^v^- (2) ott^X7^M?«^f7 

K^fflStiSX^Xv^^K-f&o X9Xvc?)£]&£^-fki-&^#*£?-^>;<r-- 
[0 0 2 0] 

nm* »j - - > r- y ^w^nt^ « mu mis y y ibii*^iAxf y x t mm 

[0 0 2 1 ] 

mm? v 7°<o®i&m&<omiMmK&if2>^ mtmrn^jr 
x&mtmzm (2, 21, 22) KWfczn&mi&tttfxmmv. mmy vit^m*" 
x$mtm&& (2, 21, 22) K«i&*it*7.y'fksa3i3y^«*»c#i-4jt*R 1 

&Ktt-tz>}t^R 2 x V) fc^ci < 9 Kmmzn&o vmi&mfevmi 

iMtll, ^ (2, 2 1, 2 2) <7>&Jg30 s te<<7--f 7 yfkT^^-^A^^U-^-r 

yyftmmirxmmKtt-r&itm&mnztiZo m&zk (2, 21, 22) o&jg 

*<7)7y'fk^*""^^4H^-^&Ji:^^±lE<oJ: 9 lc$iJtp-r & £ £ K<fc 19, >r4 y yitr 
[0 0 2 2] 
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Htri5Jt$R 2 i»j <>^:# < J: 9^pse**l*o 7 'J --vyx-ry y^mr-r^m^ 
ip-r^o *iRj6o7 ? -etas*©* out inn** <w 7 ^77^7 A<7)£j2££iE3t-r& 0 

fltTlS^ 'J - - 7 T v ^fTtSH^i 3iH \~ 43 ^Tfc*-£# 7 7 <fc 

[0 0 2 3] 
-e& & |*i fi IB i&ft * SO fe-T S 7 -f y 7 £ , 

HiriBrtMSJs^^LT, mmm^^^^mm^ (2, 21, 22) 

££fitx.TV>&£i:»4, rtMfiJfttt. <^7/*- (2) OrtgRH^tt*^ 

^"fka^A*^^*t(0$!j®{4, ^ 7 ^-fk7>*-7 

[0 0 2 4] 

ipm #7 <7)©j^T'* & &m #7 a* *mfe-r & 7 r y 7 1 , 

KrffiSPm^iajKts&^LT, mmmm^Jfx&mzmzm (2, 21; 22) 
#&?4LSK^^r^f7^fit, miB7 ^fkfis*5{r^*n»iB*^* (2. 21, 22) k# 

t^'ttx.Tv^dt {4$fit-e$>^o #Pm*""7iajgJ4, (2) ©rtg&fcfctfS*- 

o 

[0 0 2 5] 

frlB^ 'J --V'^f? 7^f *>*LTV»SMfc. flrfB'f-*>v«- (2) ^C»Pffi**L* 
J» ffi #7 *L& 7 7 * - r OatJft SriMJel- & 7 7- * 7 t , 

mtmmKfo&Lx, mmmm^^^^taum^ (2, 21, 22) 
wtm-&&tfxm*t, mtzy vitmmifArfmm&& (2, 21, 22) Kimztiz 
7 y itmm tfxm* t zmm-rz 7 

fc*fltx.T^4itJ4fiFig-C**o ^m**7JC-g-^4L*7 7^-7<?5«J^J4> f-*7/*- 
(2) Of*]^^43»tS^-Y 7-^fb77^-7 A<75^0L^$Ofg^t ^i>o ftot, 4# 

#7 % A £ * fflfcp-*- & £ t * pT ffi )C 1" & o 
[0 0 2 6] 

(2, 21, 22)^, *<Dtou-r?mu& : %&mi'V x>m&&R (w) kim 

7/*- (2) t, (2) fc®8c$*l*SWlE« (2 1) ^Bfi 

« (2 1) ^LT, (2) (2 2) t 

ttt, 7^fk^*"7l4> (2) H^£A?*t, M^**7»4, i»«E« (2 

1) (2 2) t(OH^i:fA?Wii:)i 5 !ffWJ, 
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[0 0 2 7] 

3M&93fcJ:ACVD£11li. (2) HiffE?- ^ (2) <*> + 

ft. (W) A'?'- (3) J"<- (2) fc*3lWfc->y a 

>^7>^^A1-^>7K^bv"J 3 (i i, 13. 14) t. ffrffi*- * ( 
2) C7 Wkgf^^f At J 7 (17a, 18 a. 19 a) t. 

mtt?-v>s<- (2) Kmmw^*&tfmmtttfx*m\-rz>wtmtttfx&&& d 

7b, 18b, 19b) t.mU^-^y^- (2) C^Xv^^^y^XvM 
§£S (6, 7, 8) tSHSStx-T^&o f&fE77X^H£gm (8) fcHTSBTK*^ U a > 

(ii, 13, 14) tja. una*-*:"*- (2) fc«HE**ffcvy a^ar* 

miB« (W) Kj£jgH-& 0 -/yX^^mW (8) £ TltfB 7 y-ffc^g2f (1 7 

a, 18a, 19a) h m&mMttfTxWfcJh (17b, 18b, 19b) tit, It SB 
7^-fb^^**^i:HtrfE®^#^^^t ^ffl^TBtie-^-r (2) (7>l*Ig&£ ? V - - > 

[0 0 2 8] 

^iORjfcli. 7y-fkft*K*S ft&^fcTkfjf t/9 s Rl£LTNH 4 

£l&«-r&o NH 4 g<o£j£#|fi#$*L&*:ie>, N H « Z> >r 4 z> v \tT S - 

[0 0 2 9] 

SgEC IC, litfE?-^ (2) 0|*]Sffi<7>fiJg-C$>&F*lMiajS£i|iJ 

SnSK*>t- (2 4) i*^ 7yftaj^ft»* (17a, 18 a, 19 a) 

ii. mmyvik&%#A<Dmm$:mm-r2>yyik£mifxffimfflm%* d 9 a) 

mm-&&1fx&&& (17b. 18 b. 19 b) tt, «rlE»5(S^5!r^<^aE**Wai-4 
•*#*5!r^W*» (19 b) (2) 9 > *tfv» 

ItfE^y-fkM^MtHftHS (1 9 a) fflW%* (19 b) t 

[0 0 3 0] 

i*» (19 a) fcffirfaK3R-&^r*"^«II«S (1 9 b) tli, ^*i-rft, *K7^fka* 

**^o^Efii:ffiriE»^#^r**^<^mst Sr. friBSftti^aftmB^bTrpia-r* 1 1& 
, ^JyyfoTy*-vJ*<D!kj&<DLM,ZKmtx, &®KWmttifxffim.kyvitm. 

[0 0 3 1 ] 

iicvD^t^ miEf-^w-*- (2) d>^^m$^&#pm#^^#-4iL-6T>'^- 

T<?)«£iIiJ£1-&T> ; e-yitJgf-tv^- (2 6) SHl/LT^&Si^fcldU fltfE7^fb 
M^«a*U«lS (19 a) fcHTBEK^^r^^WlftlS (19 b) ^ft^ti. HirfE? ? 

[ffciB^^] 

[0 0 3 2] 
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ikw * % m-t %> tz * <dm & <r>wm 

[0 0 3 3] 

m 1 14> ^{ascvD^i^ >j - - > mmommv-jtz-mtmm S *i& C V D 

ttl^LT^I, 0 CVDtilli, &WN<D%M^, T*)ls7 r Ai/V ^ym, 
[0 0 3 4 J 

3^IS:»t^*t^ 0 »*;u^-3i±> m 

[0 0 3 5] 

?-V>s*- 2<D*Kl*. &tfL*)Vjf- 3 Ktt\a\-f& y^-Ufa 6 tfmfbtlX^Zx, =7 
[0 0 3 6] 

^^Af i o ^Ltf ^ 2 KmA-f&o 's^yifx&Mi n'it, mx^^yi 

tv^7n-3Vhn-7 1 6 LWW A$*LT^&<, v^.7n-3>ha-9 14l±> -> 
7 > if 7>1fi* *r ysi- 2 ti2>-Mm*m%5 ^rxyxn-ay hu-y l 6 Ji, tK 

mifxtf^v y<- 2 k#*&3*i**e*£si»-*-** 

[0 0 3 7] 

^ (B, H.) , *77-f'/ (PH, ) , T;vv> ( A s H 3 ) *#*&-*-*BB« (®^$ 
*Lfcv>) *«SMK?*L«*o jaj»?*L4^U3>JRO#ma»-lSCT, (B 2 H 6 

) , **-7 4y (PH 3 ) , TkXfr^'yV (AsH, ) iMSfcJfcCT*-* 5"*- 2 

[0 0 3 8] 

^-^ 2 fcli, ^'J-->^^*MtS^ 'J-->^>5r^E^Fl 7* s ^$tL 

TV>4, ? i)--yfifXli, H7'Hbii (N F 3 ) (0 2 ) fcSr-S-tfoft 

i£S*u>J: ■? WtMifx (o 2 ) y-iv^xt*Jii"Cv>4itii % 7-^77 

A^^^-/l 8 t7^7D-3> hn-7l 9 t^AJtlT^So 7^7D-3> ho- 

7 1911, *>)-->?ifXi) i ?- J r>s < i- 2Km&2tl2>mm*m%i-f& 0 
[0 0 3 9] 

*-*>/t-2li, »ASf 2 1 ^LT^>y2 2 UftSStLT^io 
[0 0 4 0 ] 

CVDgglii, Mfttt2 0 *Mfcflt*.T^4o flJfP^S2 0 »i> iW7*13, 
15> 18<7^7D-3Vfn-7l4> 16, 1 9 > STOi§^mill8 ^rfiJ^-f So 
^JV7*13> 15, 1 8OHH, is^yifx, fcmif*. RV? 'J -->fifx<Dffi 
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[0 0 4 1 ] 

2 0<7>$!J$POT\ m\>Wf\ 3, 1 5 5&*g§ ^iL4. mX^f^fl 3, 1 5* { B8^*L4i 

[0 0 4 2] 
[0 0 4 3] 

asar* t«^5tr^fc ^-^-tf^ y ---yytf x*m\f*x 2 <d? v-~yym=T*> 
Hko 2<D?v-~y Fit, J^T^J: 1 tcfrfc*i*o $iJ^«2 ocioti 

■hmx zfitzvtm-cfom wmt} tf^v- m@ 6 \z. ? *i , ^^x^^ftvn- 2^1*1 

fflJKl&^SiL*. 7*7X7^1;^ »>, = 7 7 -fEif ^ f, 7 7 i 7 v * ;v«t s o 

[0 0 4 4] 

•7i:iot7y*Mb?ti, *-*>/t- 2<^rt§ptHi^7->*77;v^^l4:-rSo ft#t)K 

NH 4 &?>&j£3& s lfi#3*L&££ Sr^Bfc-r&o NH4 4 &<E>£lfta<liB*3 i t K 
[0 0 4 5 ] 

*5bx.^. sm^X^^V^- 2^<7>igAte> ^'(7 7{b7> ; e- 
-< 7 v it 7 > * - -7 A <7>|fc£ £ jqjfmif & ft fc. > # 7. W = 7 * -fkMsl # x k M-t & it 
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[0 0 4 6 ] 

&o i^S^, =7';M^«t4 = 7 ^fk«K* 1 7 a****:"<- 2 tc« 

«c$*l, * &&-r %> mm 1 7bWt>^-2i:gs?no = -7^k 

&#EEf 1 7 afcMU H7 ^-fk^^^r^^^S^^i-^v^^n-n V Fn-7l9a 
tiA^^7*l 8 a fc##AS*U m.%1f^mM \ 7 bfcli. »*^<O«E*Sr«0«l-r* 
7^7n-3>hn-7l9b hm\/Wf \ 8 b £ rt^A 3 ti&o aSA^V'T'l 8 a^ 
18b, 7^7D-3>hn-7l9a, 1 9 bl±. $UtP^S2 QK&WLZKl, ttmmW 
2 0 J: vXfflmzin&o 7^e;V7 r 7,-> 'J n ^I^i^ff^tiS t § c li, v^7D 
-3>fn-7l9a, 19b li, ffilffll&IB 2 0 <Dfflffl<DT, Sf^?)li^H7 «.Mk 

hn-7l9a, 19bfi> T^;W7 7 J* v 'J a >M<7)fiS;l^y9^T^tL2> t £ <^>MJt^t 

[0 0 4 7] 

7 b Hli»3|3?r^a)it**ft!WN-r4v^7n-3 > ho-7l9bt, mX^^f 1 8 b 
59 S #AS*L& 0 ^CA^^T'l 8 b. 7^7D-3> fn-7 1 9 b»±^ ffiKtt3SB2 0 K@ 

-C^tfT^^y r^y'Jn >JK**j£|gt3 fltzm'^^ 2**9 y — ~> ^ £ *l 

Kit, iA^7*l 8 b5&<Wj&Vfr, Mfc. 7^7B-3>FD-7l9 b* s Sjf^^tLT. 

»^35T^03IE***7CS < Sit*. -7J> 7K^Jr>^^<&v^J^-e-^tf#^ H B H ->'J 3^ BR* 5 * 

-9 1 9 bvMM&TpmKte&o 
[0 0 4 8] 

Jiiifcii, c VD^ii w^14«irj±»-^-c**« m^k^^^t LTf±. n 
o. no 2 scfco, co 2 <v£n*mtBmif?>tf®imzft% 

[0 0 4 9] 

? y <yjf7.tit%\\K?-\y 2 Kmxzti&zt *>#rMx$>2> 0 

[0 0 5 0] 

yy<D^.ma, w-~yy<Dk %Ky-9X-?z&&.-r2>z.k*7F^\:-r2>&xi>&t l 
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[0 0 5 1 ] 

A-f K£ *K •77Z~?* t k < m.it-fZ> Cl t7) s -C# &<> *2f7.tt, HI 6 *i-cv>& 
I0 0 5 2] 

[0 0 5 3 ] 

j: s&ttftnii, wwna^ ^ v -->^^*?it^o rnwmw 2 0 <DMW<D 
£ ^I-e?* 9 Xv« $ ti> ft**? 05giBgBri«»£ # * a» *bll£ $ titzMM 9 v ij )v k 

>s*-2^<Dmm&&±zti, =-7 yitmmji'*v>&&&wH&zti&o ttmvo<DMm&K 
»»nf'j3> (ZLVwutzsv 3>) = 7 y -fkti^ $ iDt 7 7 1 5 v * ^ 

[0 0 5 4 ] 
[0 0 5 5 ] 

^t = 7 yfk&$#\* Tfs<?)«t d ft* ci t w®-e&&o *y-^> 

»1 JWM^iK<*2»!IHI"Cli. Jt^Ro . / n f 3 * s te< 3*U fS2«IM<7)JW- 
T(7)m. * 'J-->m7nif<73|3fflfflfli, Jt^Ro 2 /M F 3 * s ?fc<3*i4 
o -Ct, ifc^R 0 2 / N F , li. Wl%1S 7s<r>mm. [0 2 ] > H7 7fhii^W«i [ 

n f 3 ] zm^x, Tttt : 

R 0 2 / H F 3 = [0, ] / [N F 3 ] , 

<$2iPH, V-->^<ai&TMI&<aSMMWfcj3*t&it^Ro 2 / N f 3 ^^"tL 

R, , R 2 > StfR, Itst, = 7 y-ffcMjtr*«>3iE*Mu Tfest; : 

R 1 > R 2 » 

R 3 >R 2 

[0 0 5 6 ] 

£ = 7 ^fc^st*** t^^«^±I5oJ: 0 fcfljsp-r* Cl t Ji> *->f 7y*fcT> 
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^£>, * «j -~yymi&m&<Dm lmm^^x^, ^^yyitry^^^<D^^n 

2(^rt£B(7)fij£#3E53-KjS<&&i:, ^>f 7 •MkTV^-? A*> s £j£ < < 

^i^Mn^<^2«eK-e{i, #*^c7)i^*<7)^^iii)p-r^^^^ % m. 

[0 0 5 7] 

-"<k^##7v<^* ? ^ 

2 4 ti> mmmw.2 o n«»**t* 0 m^f 2 o »*, 2 4 n-fco-cttiios 

2 ^rtIffl(7)Mi:iSlr LT 7 n - 3 > 1 9 a> 1 9 b 

[0 0 5 8] 

>m-5 19a, 19b*W»U, Rf^©= 7 sMfcftfctf* Kft-tZ> it 
ttWfcft^R, K44 X 1 ICp^-T^o fiS-tV^- 2 4 fcl «fcoTHiM$*L;fc^>v*- 
2<*>rtKiB<ofiJft*^ ^Tfe<oiajgJ:») i>M<*Z>k, WMlT*<D=.y y{K&m#XK-toT 

Bff5e^SJK-fe>^^2 4#rtM?>M<^S;TOB§&£*fcftT&fc, IM»&S2 
0 7 ?ftft£#.XK#1-*Jtsp£, R 2 J: *) i>7<£^R 3 KtyV)^.£_2> 

[0 0 5 9] 

12 8 K^SftT^;*, J: ^ f-^ 7/<f- 2 <7)p'3#ffi<7)ig.J^<7)ft^«9 K> 2** 

m%. s *t & #m a * <d iajst t m& t x m ^ *r * t = 7 ? < k ft # 7. $ie* £ unm & t 

#~7><75i&Jgl4, 2(OI*lM<7)SJ^<7)>ft^'9 ^^fflnTBg-C^^o HI 8 

J£-t^- 2 5 l*ftU«&15 2 0 K«8?*Lio 
[0 0 6 0] 

ei 8 Co c vd^i 1 it, rmcox 1 ) KLxm%irxk = 7 vft&mtfx<nm**mm-r 

a, 1 9 b fcHnitPLT, t|^«H7 ;Mkft|t:tf7 K*J--r& JfcE££. JtttfiSKSfv* R , 

-9 Kpg-r&o &j&-t 2 5 K£oTttM3ftfc#i^#;*<a&jga s , m^<^ 

R 2 lc^Ji9#x2>o ^v^T, &Jg-fe>^- 2 5 tCtoT^^OiaflPffiTOHJ&Sr^ftl 
-T^t, $U^fi2 0(4, »iS^O = 7^'fkft*^^t«-r*Jt** % R 2 J:«9t7V:^ 

[0 0 6 1 ] 

Sf«3y^<oaK»-K»b^*3R^fc = 7y'fkft3[5*'^o3IE«^IW«l»4, 2 

©rtiffiwia^ js^ l tz mm t Jts? lt , j 4 x tc«t * *m * $ »t n < u> ftftfia-e* 
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U^X^n^o — #MR.S£«2 1 KiStfkft&iSjg-tr^- 2 5 (i> 7^X 
■9—2 5 Srfflv»fcBi3R^ t = 7 •Hk^fttf^o^g^fTOli, y ^fXCiSgf 
[0 0 6 2 ] 

7 (N H 3 ) 0»JK^^UT*^^fc = 7^^*^^^>ataSr1W«l-r4ii:A«flrt6 

i tc^tt^tt^o i&j&*>-9— 2 6»*. $u^^M2 o Kmmzti&o mmmw2 o 7 

[0 0 6 3] 

^ a?- 2<7)|*I^lC^£A-rSit^«t f), -!r^7 y-ffcTi'* — 9 

$iJTSo i^fX^TV^-TWl^iJ: »HB;V>»#fcWt, ©J^P^ffi 2 0 I*, ^ > 

[0 0 6 4] 

&T~$>y) (HI 0#HB) , 2 2 b fim&X$>2> (mi 

o 4r>f 7 -yitry^-y &<DMffil*. X&tfy 7* 2 2 «rt^-cMts £ b #S4>S7:-e 

3>&o ^**>/2 2 0rt$Bfc$->f 7yfkT^ J E-^A**Jtti»i-* S^fV7 2 2 *> s 
H*i-*^riltt*«**o It, 2 

[0 0 6 5] 

X »)£#fi<jfcMt % HI 1 0 K^cS *ITV>& «t ic, f-^>rf- 2 t^*>7 2 2 bnffl 
5R^r^* t #A**l*Clfc* s 0Ji'C*ao *5&*f*E«2 7 Kit, m\^n>-?2 

[0 0 6 6] 

Hi 1 C^^^lT^S «£ 7 fc % S^'y7 2 2 2 9*^^?tL 

v «*^E^2 9 ^LTtf ^^S*^72 2 fcagXS - t 0 
R£#*E«2 9Hfi> «CA^;V7'3 0*mXZtl2> o iA^*^7 3 0 fi, {Mft&S2 0 

[0 0 6 7] 

a^aratRJELfc^asfrffrfrtt c7>#7 NO, N0 2 <7> J: o KmitmMK* > 

[0 0 6 8] 

^afflSiiftiiititStLi^lfftio tfiJx.tf. ^ffcv'J a>IRtt. tK 
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[0ffi?)f£#&I&l3J] 
[0 0 6 9] 

[0 1] 11 Hi, J: S ^ V - - > ? JiS C V DSf 

[HI 2] 0 2fi, **ifc<7)-Bi!K:kV>T, = 7 <Mfc^2fX t WL%1f7 t £SU* fc*- * 

n^A-r & £ £><t> c v d mw<vm& ^^t 0 

[04] 0 4fi, **tt©»Ht*v»T, H7^bii^tS|M)!f 

^S^^/F^o^— ~ — ~ " ~ ;-r-r-=rrr— r- — ' ~ 

[0 5] 0 5Ji, *2E*fi03£SlKiJV>-C\ ^-V^S-^-^^^^-^^A-r^^aix^C VDi 
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